TITLE OF THE INVENTION 

Phase Comparator Capable of Performing Stable Phase Comparison 
for High Frequency Band 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a phase comparator performing a 
phase comparison between two input signals within a signal processing 
circuit. 

Description of the Background Art 

10 In general, a PLL (phase-locked loop) circuit is in wide use for 

stabilizing the oscillation frequency, for example, of an oscillator. 

The PLL circuit monitors such a reference signal as a system clock 
and establishes synchronization with another clock or the like. Specifically, 
a phase difference between a reference signal which is input to a phase 

15 comparator in the PLL circuit and an internal feedback signal is measured 
to adjust the oscillation frequency of a voltage-controlled oscillator 
(hereinafter referred to as VCO) which generates a timing signal according 
to the measured phase difference. The generated signal is input as a 
feedback signal to the phase comparator and the phase comparator makes a 

20 phase comparison again between the reference signal and the feedback 
signal. 

The PLL circuit thus monitors the reference signal and continuously 
performs the above-described loop operation to adjust the oscillation 
frequency of the VCO circuit thereby synchronize respective phases of the 
25 reference signal and the feedback signal. 

One of various types of phase comparators is, for example, a digital 
phase comparison circuit which performs a phase comparison based on the 
exclusive OR. Japanese Patent Laying-Open No. 2000-36729 discloses a 
configuration of a phase comparator performing a phase comparison based 
30 on time-average amounts of currents flown respectively into and out of the 
circuit according to the exclusive OR between two input signals. 

Specifically, there are provided a logic circuit performing a switching 
operation based on the exclusive OR between two input signals and a 
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current control circuit controlling the amounts of currents flown into and out 
of the circuit according to the result of the phase comparison. 

If a phase comparison is made between signals in the high-frequency- 
band, the logic circuit is required to perform signal processing at a higher 
5 frequency than that of input signals, i.e., to perform a high-speed switching 
operation. 

The logic circuit, however, needs a predetermined period of time for 
passing electric charges for charging/discharging in the switching operation. 
Therefore, if an extremely high speed operation is required, the switching 

10 operation could not follow the change in phase. In other words, the amount 
of current controlled by the current control circuit could not follow the 
change in phase. For this reason, it is difficult for the conventional phase 
comparator to perform a highly accurate phase comparison when the 
comparator performs a phase comparison between signals in the high- 

15 frequency band. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a phase comparator 
solving the above-described problem and capable of performing a stable 
phase comparison for the high-frequency band. 

20 A phase comparator according to the present invention that detects a 

phase difference between a first signal and a second signal serving as a 
reference includes a retiming circuit and a phase comparison unit. The 
retiming circuit samples the first signal at a timing synchronized with the 
second signal to output a third signal. The phase comparison unit passes a 

25 current according to the phase difference based on the first, second and third 
signals. The phase comparison unit includes first and second current 
sources, an output node and first and second current control circuits. The 
first current control circuit is connected between the first current source and 
the output node and passes a current flown to the output node when a result 

30 of an exclusive OR operation between the first signal and the third signal is 
a first logic level. The second current control circuit is connected between 
the second current source and the output node and receives a current flown 
from the output node when the second signal has a second logic level 
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opposite to the first logic level. The first current control circuit has two 
switching units connected between the first current source and the output 
node. The two switching units are designed to provide the first logic level 
as the result of the exclusive OR operation between the first signal and the 
third signal when at least one of the two switching units is turned on 
according to a predetermined combination of the first signal and the third 
signal that are input. 

According to the present invention as discussed above, two switching 
units are provided in the first current control circuit which supplies a 
current to the output node when the result of the exclusive OR between the 
first signal and the third signal is the first logic level. The two switching 
units are configured to provide the first logic level as the result of the 
exclusive OR when at least one of the switching units is turned on according 
to a predetermined combination of the first and third signals. Accordingly, 
without logical operation of the exclusive OR by, for example, a logic circuit, 
the switching operation by the two switching units is associated with the 
logical operation to perform similar processing. Then, a fast phase- 
comparison operation can be carried out. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram of a PLL circuit according to a 
first embodiment of the present invention. 

Fig. 2 is a circuit diagram showing a configuration of a phase 
comparator according to the first embodiment of the present invention. 

Fig. 3 is a timing chart illustrating an operation of a phase 
comparison unit. 

Fig. 4 shows a relation between an amount of current flown from an 
output node of a current adjustment circuit to a loop filter and the phase 
difference. 

Fig. 5 is a circuit diagram showing a configuration of the loop filter. 



Fig. 6 is a circuit diagram showing a configuration of a VCO circuit. 

Fig. 7 is a circuit diagram showing a configuration of a phase 
comparator according to a second embodiment. 

Fig. 8 is a circuit diagram showing a configuration of a phase 
5 comparison unit according to a third embodiment. 

Fig. 9 is a circuit diagram showing a configuration of a phase 
comparison unit according to a fourth embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are hereinafter described in 
10 detail with reference to the drawings. It is noted that the same components 
in the drawings are denoted by the same reference character and description 
thereof is not repeated here. 

First Embodiment 

Referring to Fig. 1, a PLL circuit 1 according to a first embodiment of 

15 the present invention includes a phase comparator 100, a loop filter 300 and 
a VCO circuit 400. Phase comparator 100 detects a phase difference 
between a clock signal CLK serving as a reference signal and a feedback 
signal DTA which is a feedback signal and, based on the phase difference, 
passes/receives a current to/from loop filter 300 or passes no current to loop 

20 filter 300. Loop filter 300 generates a control voltage VO according to a 
current flown in/out based on the phase difference detected by phase 
comparator 100. VCO circuit 400 generates a signal of a frequency based 
on control voltage VO generated by loop filter 300. The generated signal is 
feedback signal DTA to be fed back to phase comparator 100. 

25 Referring to Fig. 2, phase comparator 100 according to the first 

embodiment of the present invention includes a flip-flop circuit 5 (retiming 
circuit) sampling feedback signal DTA in synchronization with a rising edge 
of the clock signal, a flip-flop circuit 10 sampling signal RDTA in 
synchronization with a falling edge of the clock signal that is a half-period 

30 shifted from the rising edge, and a phase comparison unit 30 

receiving/passing a current based on a phase comparison between signals 
obtained by sampling of flip-flop circuits 5 and 10. 

Flip-flop circuit 5 generates a signal RDTA (NB) which is in phase 
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with clock signal CLK by performing sampling in synchronization with the 
rising edge of clock signal CLK. Flip-flop circuit 10 generates a signal 
RDTA# (NC) having a phase difference corresponding to a half period of 
clock signal CLK relative to signal NB by performing sampling in 
synchronization with the falling edge of clock signal CLK. It is noted that 
signals DTA, RDTA and RDTA# are respectively referred to as signals NA, 
NB and NC in the following description. Further, the result of the 
exclusive OR between signal NA and signal NC corresponds to clock signal 
CLK. 

Phase comparison unit 30 includes logic circuits 15 and 20 
performing a predetermined logical operation on input signals and a current 
adjustment circuit 25 defining an amount of current to be received or passed 
from an output node. 

Logic circuit 15 receives input signals NA and NB to output control 
signals SO and S 1 and respective inverted signals /SO and /Si. Logic circuit 
20 receives input signals NB and NC to output signals R0 and Rl and 
respective inverted signals /R0 and /Rl. It is noted that symbol 7" herein 
represents inversion, negation or complementary, for example. 

Current adjustment circuit 25 includes current sources 31 and 32, an 
amplifier AP, transistors PT1-PT4 and transistors NT1-NT4. Transistors 
PT1-PT4 are, for example, P-channel MOS transistors. Transistors NT1- 
NT4 are, for example, N-channel MOS transistors. 

Current source 31 is placed between a power supply voltage VDD 
and a node NO. Transistors PT1 and PT2 are connected in series between 
nodes NO and N3 and having respective gates receiving respective control 
signals /SO and /Si from logic circuit 15. Transistors PT3 and PT4 are 
connected in parallel between nodes NO and N2 and having respective gates 
receiving respective control signals SO and Si from logic circuit 15. 
Transistors NT1 and NT2 are connected in series between nodes N3 and Nl 
and having respective gates receiving respective control signals /R0 and /Rl 
from logic circuit 20. Transistors NT3 and NT4 are connected in parallel 
between nodes N2 and Nl and having respective gates receiving respective 
control signals R0 and Rl from logic circuit 20. Current source 32 is placed 



between node Nl and a ground voltage GND. Amplifier AP amplifies a 
voltage level on node N2 to a predetermined level and outputs the amplified 
voltage to node N3. 

An operation of phase comparison unit 30 is now described according 
to the first embodiment of the present invention. 

Phase comparison unit 30 detects a phase difference between signal 
NA and signal NB relative to a phase difference between signal NB and 
signal NC. As discussed below, the phase difference between signal NB 
and signal NC corresponds to a half period of clock signal CLK. The phase 
difference between signal NA and signal NB is made equal to the phase 
difference between signal NB and signal NC to allow signal NA to be in 
phase with clock signal CLK. Accordingly, signal NA can be synchronized 
with clock signal CLK. Specifically, a phase difference between signal NA 
and signal NB is detected by a switching operation of a switching circuit 
formed of transistors PT3 and PT4 corresponding to the exclusive OR 
between signal NA and signal NB. Current source 31 passes a current 
based on the detected phase difference to node N2. 

A phase difference between signal NB and signal NC is detected by a 
switching operation of a switching circuit formed of transistors NT3 and 
NT4 corresponding to the exclusive OR between signal NB and signal NC. 
Current source 32 receives a current based on the detected phase difference 
from node N2. 

If the detected phase differences are equal to each other, a constant 
current flows from current source 31 to current source 32 and no current 
flows from node N2 to loop filter 300. On the other hand, if those phase 
differences differ from each other, a current is passed from node 2 to loop 
filter 300 or from loop filter 300 to node N2 according to the difference. As 
the phase difference between signal NB and signal NC corresponds to a half 
period of clock signal CLK and is thus constant, current source 32 receives 
the constant current from node N2. This phase comparison unit 30 detects 
a phase difference not by comparing a current which is once flown to the 
outside with a current thereafter flown in, but by performing a relative 
comparison between the constant reference current flown into current 



source 32 within the internal circuit and a current flown from current source 
31. If an excess current relative to the constant current is flown from 
current source 31, the excess is flown from output node N2. If there is a 
shortage of the current, the shortage is compensated for by a current 
5 corresponding to the shortage that is flown from output node N2. 

In other words, phase comparison unit 30 passes a current to or 
receives a current from loop filter 300 according to a difference between the 
constant current and an amount of current flown from Current source 31 
based on a phase difference between signal NA and signal NB. It is noted 

10 that, in this configuration of current adjustment circuit 25, the phase 

difference is chiefly detected by the switching circuitry on the right side 
while switching circuitry is also placed on the left side. Specifically, a 
switching circuit formed of transistors PT1 and PT2 is provided between 
node N3 and node NO that operates complementarily to the switching circuit 

15 formed of transistors PT3 and PT4. Further, a switching circuit formed of 
transistors NT1 and NT2 is provided between node N3 and node Nl that 
operates complementarily to the switching circuit formed of transistors NT3 
and NT4. These switching circuits are provided for ensuring the stability 
of operation of current adjustment circuit 25 as discussed hereinlater. 

20 According to the first embodiment, the switching circuit provided 

between node NO and node N2 is designed to be turned on, i.e., perform 
switching operation, to provide the result (L level) of the exclusive OR 
between signal NA and signal NB. 

Specifically, the exclusive OR between signals NA and NB can be 

25 replaced with the AND operation between control signals SO and Si. 

Control signal SO corresponds to the result of the OR operation between 
signal NA and signal NB (NA + NB). Control signal Si corresponds to the 
result of the OR operation between the inverted signal of signal NA and the 
inverted signal of signal NB ((/NA) + (/NB)). Control signals SO and Si are 

30 respectively input to respective gates of two P-channel MOS transistors PT3 
and PT4 that are connected in parallel between node NO and node N2 to 
constitute the switching circuit. The switching circuit can thus be designed 
to be turned to provide the result (L level) of the exclusive OR between 
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signal NA and signal NB. 

In this way, instead of a logic circuit performing the exclusive OR 
operation between signals NA and NB, the equivalent circuit can be 
configured by associating the logical operation with the on/off of the 
5 switching circuit to perform a faster switching operation. 

It is noted that symbol "•" herein represents AND operation and 
symbol "+" herein represents OR operation. 

Similarly, the switching circuit provided between node N2 and node 
Nl is designed to be turned on to provide the result (L level) of the exclusive 
10 OR between signal NB and signal NC. 

Specifically, the exclusive OR between signal NB and signal NC can 
be replaced with the AND operation between control signals R0 and Rl. 
Control signal R0 corresponds to the result of the AND operation between 
signal NB and the inverted signal of signal NC ((NB • (/NC)). Control 
15 signal Rl corresponds to the result of the AND operation between the 

inverted signal of signal NB and signal NC ((/NB) • NC). Control signals R0 
and Rl are respectively input to respective gates of two N-channel MOS 
transistors NT3 and NT4 connected in parallel between node Nl and node 
N2 to constitute the switching circuit. The switching circuit can thus be 
20 designed to be turned on to provide the result (L level) of the exclusive OR 
between signal NA and signal NB. In this way, instead of a logic circuit 
performing the exclusive OR between signals NB and NC, the equivalent 
circuit can be configured by associating the logical operation with the on/off 
of the switching circuit to perform a faster switching operation. 
25 Similarly, the switching circuit provided between node NO and node 

N3 is designed to be turned on to provide the inverted signal (H level) of the 
result of the exclusive OR between signal NA and signal NB. 

Specifically, the inverted signal of the result of the exclusive OR 
between signals NA and NB can be replaced with the result of the OR 
30 operation between the inverted signal of control signal SO and the inverted 
signal of control signal S 1 . The inverted signals of respective control 
signals SO and SI are respectively input to respective gates of two P-channel 
MOS transistors PTl and PT2 connected in series between node NO and 
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node N3 to constitute the switching circuit. The switching circuit can thus 
be designed to be turned on to provide the inverted signal (H level) of the 
result of the exclusive OR between signal NA and signal NB. In this way, 
instead of a logic circuit performing the exclusive OR between signal NA and 
signal NB to provide the inverted signal of the result, the equivalent circuit 
can be configured by associating the logical operation with the on/off of the 
switching circuit to perform a faster switching operation. 

Similarly, the switching circuit provided between node N3 and node 
Nl is designed to be turned on to provide the inverted signal (H level) of the 
result of the exclusive OR between signal NB and signal NC. 

Specifically, the inverted signal of the result of the exclusive OR 
between signal NB and signal NC can be replaced with the result of the 
AND operation between the inverted signal of control signal RO and the 
inverted signal of control signal R 1 . The inverted signals of respective 
control signals RO and Rl are respectively input to respective gates of two 
N-channel MOS transistors NTl and NT2 connected in series between node 
N3 and node Nl to constitute the switching circuit. The switching circuit 
can thus be designed to be turned on to provide the inverted signal (H level) 
of the result of the exclusive OR between signal NB and signal NC. In this 
way, instead of a logic circuit performing the exclusive OR between signals 
NB and NC to provide the inverted signal of the result, the equivalent 
circuit can be configured by associating the logical operation with the on/off 
of the switching circuit to perform a faster switching operation. 

An operation of phase comparison unit 30 in Fig. 2 is described now 
in conjunction with the timing chart in Fig. 3. The description here is 
based on the switching circuitry on the right side that performs the phase- 
difference detecting operation. 

Referring to Figs. 2 and 3, at time Tl and time T4 that are in 
synchronization with the rising edge of clock signal CLK, flip-flop circuit 5 
outputs signal NB synchronized with the rising edge of clock signal CLK at 
which signal NA is sampled. At time T2 and time T5 that are in 
synchronization with the falling edge of clock signal CLK shifted by a half 
period from the rising edge, flip-flop circuit 10 outputs signal NC 



synchronized with the falling edge of clock signal CLK at which signal NB is 
sampled. In this example, signal NAis AT phase-delayed relative to signal 
NB. It is noted that, in this example, when a phase difference between 
signal NA and signal NB is equal to the half period of clock signal CLK, the 
5 phase of signal NA is regarded as being synchronized with the phase of clock 
signal CLK. 

Phase comparison circuit 30 makes a relative phase comparison 
between signal NA and signal NB with reference to the phase difference 
between signal NB and signal NC. As shown in Fig. 3, it is supposed here 

10 that one period of clock signal CLK corresponding to the time from Tl to T4 
is used as a reference. The result of the exclusive OR between signal NA 
and signal NB is provided as a signal set at L level in the period from time 
Tl to time T3 indicating that these signals are in phase in this period. 

The phase difference between signal NB and signal NC corresponds 

15 to the half period of clock signal CLK. Then, the phase difference is 

represented by a signal which is the same as clock signal CLK. Namely, 
the signal representing the phase difference is set at H level in the period 
from time Tl to time T2 and at L level in the period from time T2 to time T4. 
Current adjustment circuit 25 passes a current to loop filter 300 

20 without flowing a current from current source 31 to current source 32 in the 
period from time T2 to time T3 corresponding to AT based on the phase 
difference between signal NA and signal NB. 

Accordingly, phase comparison unit 30 performs the phase- 
difference detecting operation on the basis of the relative comparison to pass 

25 a current according to the phase difference. 

If there is a large phase difference or a high-speed signal is input, 
the period in which the output signal representing the result of the exclusive 
OR between signal NA and signal NB is set at H or L level is short as shown 
in Fig. 3. In this case, it is difficult for the logic circuit to hold a sufficient 

30 period for charging/discharging of transistors in outputting the result of the 
exclusive OR. Further, there is an influence of the parasitic element such 
as the interconnection. Then, there is a possibility that an output signal 
representing the result of the exclusive OR having a correct logic level 
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according to the phase difference could not be provided. Specifically, if the 
period in which the output signal from the logic circuit that represents the 
result of the exclusive OR is set at H level is short, the level could be set at L 
level until the logic level rises to H level and consequently, the L level could 
5 be output all the time. 

According to the first embodiment, in the detection of the phase 
difference, the switching operation of the transistors usually based on the 
output of the logic value (result of the exclusive OR between signal NA and 
signal NB) from the logic circuit is replaced with the sum (product) of 

10 currents in order to shorten the time necessary for charging/discharging of 
the transistors. For example, with reference to Fig. 2, the exclusive OR 
between signal NA and signal NB is replaced with the sum of currents 
output from P-channel MOS transistors PT3 and PT4. These two 
transistors are controlled by the signal as shown in Fig. 3 that has an 

15 appropriately sufficient length of the period of H or L level. Therefore, the 
sum of currents correctly reflects the phase difference. In other words, a 
stable phase-difference detecting operation can be carried out by using this 
configuration. 

The amount of current flown from output node N2 of current 
20 adjustment circuit 25 to loop filter 300 has a relation with the phase 
difference as described below in connection with Fig. 4. 

The current is flown to or from loop filter 300 according to the phase 
difference between signal NA and signal NB relative to the phase difference 
between signal NB and signal NC. 
25 In the example shown in Fig. 3, the phase of signal NA is delayed by 

period AT. It is supposed here that the phase difference between signal NA 
and signal NB relative to the phase difference between signal NB and signal 
NC has a negative value. Accordingly, the switching circuit formed of P- 
channel MOS transistors PT3 and PT4 is in the ON state or performs the 
30 switching operation for a longer period of time than the switching circuit 
formed of N-channel MOS transistors NT3 and NT4 and thus a current is 
flown into loop filter 300. 

Referring to Fig. 5, loop filter 300 includes a resistor Rf and a 
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capacitor Cf connected in series between output node N2 of phase 
comparison unit 30 and ground voltage GND. 

The current flown in/flown out of loop filter 300 is integrated by- 
resistor Rf and capacitor Cf to be converted into a voltage of substantially 
5 direct current that is control voltage VO. 

Referring to Fig. 6, VCO circuit 400 shown in Fig. 1 includes a 
voltage adjustment circuit B2 1 generating a voltage based on control voltage 
VO on a node Np and a node Nn, an oscillator B22 generating its output at a 
frequency according to the voltage generated on nodes Np and Nn and a 
10 buffer circuit B23 receiving the output from oscillator B22 to output 
feedback signal DTA. 

Voltage adjustment circuit B21 includes transistors B21a-B21d. 
Transistor B2 lc is placed between node Np and ground voltage GND and 
having its gate receiving control voltage VO. Transistor B2 la is placed 
15 between power supply voltage VDD and node Np and having its gate 

connected to node Np. Transistor B2 lb is placed between node Nn and 
power supply voltage VDD and having its gate connected to node Np. 
Transistor B21d is placed between node Nn and ground voltage GND and 
having its gate connected to node Nn. Transistors B2 la and B2 lb 
20 constitute a current mirror circuit. Then, if transistors B2 la and B2 lb 

have the same size, the same passing current la according to control voltage 
VO flows through transistors B2 la and B2 lb. 

Oscillator B22 includes a plurality of inverters B221-B22k 
respectively connected in series that are respectively in an odd number of 
25 stages. An output of inverter B22k is fed back to an input of inverter B22 1 . 

Further, the output of inverter B22k is connected to an input of 
buffer circuit B23. 

Inverter B22k is capable of controlling the delay time and includes a 
P-channel transistor B22ak having its gate connected to node Np and 
30 controlling a current from the power supply node to which power supply 
voltage VDD is applied, an N-channel transistor B22dk having its gate 
connected to node Nn and limiting a current flowing to the ground node, and 
a P-channel transistor B22bk and an N-channel transistor B22ck connected 
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in series between the drain of P-channel transistor B22ak and the drain of 
N-channel transistor B22dk. 

Respective gates of P-channel transistor B22bk and N-chanriel 
transistor B22ck are connected to each other to serve as an input node of 
inverter B22k, and the drain of P-channel transistor B22bk serves as an 
output node of inverter B22k. 

The gate of transistor B22ak is connected to node Np and, similarly 
to transistor B21b, constitutes a current mirror circuit together with 
transistor B21a. The gate of transistor B22dk is connected to node Nn and, 
together with transistor B21d, constitutes a current mirror circuit. 
Therefore, a current according to passing current la flowing through 
transistor B2 Id flows through transistor B22dk. It is noted that, when 
transistors B2 Id and B22dk have the same size, the same passing current la 
flows through the transistors. 

Other inverters have the same configuration as that described above. 
The operating speed of the inverters is adjusted based on passing current la 
flowing through voltage adjustment circuit B21 to adjust the frequency of 
the output from the oscillator. 

For example, if a current is flown from phase comparator 100 into 
loop filter 300, control voltage VO generated by loop filter 300 increases. 
Accordingly, in VCO circuit 400, voltage adjustment circuit B21 increases 
the amount of passing current la according to the increase of control voltage 
VO. The inverters then operate at a higher speed. Therefore, the 
oscillator output at a resultant frequency has its phase advanced 
accordingly. In this example, although the configuration described here 
exemplarily uses the so-called ring VGO circuit, the configuration may use 
an LC type VCO circuit which utilizes LC oscillations by variable 
capacitances and inductances. 

Referring again to Fig. 2, the switching circuit constituted of 
transistors PTl and PT2, the switching circuit constituted of transistors 
NT1 and NT2 and amplifier Ap are described. These circuits are provided 
for ensuring the stability of operation of current adjustment circuit 25. 

Specifically, the potential on node Nl connected to current source 32 
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is maintained at a predetermined level or higher. As described above, the 
switching circuit constituted of N-channel MOS transistors NT3 and NT4 is 
in the ON state for one half of one period of clock signal CLK and in the OFF 
state for the other half of the period of clock signal CLK. Therefore, the 
5 potential on node Nl decreases to a level close to ground voltage GND in the 
OFF period of the switching circuit and then current source 32 could not 
function as a current source. Accordingly, the switching circuit constituted 
of N-channel MOS transistors NT1 and NT2 that operates complementarily 
is provided to amplify the voltage level on node N2 by amplifier AP and 

10 provide a current path from node N3 to node Nl (current supply unit). In 
this way, a current to a degree is constantly flown to current source 32. It 
never occurs that the potential on node Nl frequently decreases. Then, 
current source 32 stably functions as a current source. Similarly, a current 
to a degree is constantly flown from node NO to node N3 since amplifier AP 

15 serves to maintain the voltage level on node NO at a certain voltage level or 
higher. Current source 31 can thus function as a stable current source 
since amplifier AP restricts variation of the potential level on node NO. 
Second Embodiment 

In the first embodiment described above, the exclusive OR between 
20 signals NA and NB is implemented by the switching circuit in current 
adjustment circuit 25. 

According to a second embodiment, a configuration is described that 
uses a switching circuit implementing the exclusive OR between signal NA 
and signal NB according to another combination of logic signals. 
25 The exclusive OR between signal NA and signal NB can be 

transformed into the following expression: 

na0nb=na-^+na-nb=(na+nb)+ (na+nb) 
=(na+nb)-(na+nb)=(na-nb)-(na-nb) 

30 where symbol "©" herein represents the exclusive OR. 

Referring to Fig. 7, a phase comparator 110 according to the second 



- 14- 



embodiment differs from phase comparator 100 in that a phase comparison 
unit 30a is used instead of phase comparison unit 30. 

Phase comparison unit 30a differs from phase comparison unit 30 in 
that logic circuits 15a and 20a are used instead of logic circuits 15 and 20 
5 respectively and a current adjustment circuit 25a is used instead of current 
adjustment circuit 25. 

Logic circuit 15a generates control signals SO (/NA • NB) and Si (NA 
• (/NB)) and respective inverted control signals /SO and /Si. 

Logic circuit 20a generates control signals R0 (NB + NC) and Rl ... 

10 ((/NB) + (/NC)) and respective inverted control signals /R0 and /Rl. 

In current adjustment circuit 25a, P-channel MOS transistors PT1 
and PT2 are connected in parallel and receive input control signals /SO and 
/S 1 respectively. P-channel MOS transistors PT3 and PT4 are connected in 
series and receive input control signals SO and SI respectively. N-channel 
15 MOS transistors NT1 and NT2 are connected in parallel and receive input 
control signals /R0 and /Rl respectively. N-channel MOS transistors NT3 
and NT4 are connected in series and receive input control signals R0 and Rl 
respectively. 

With this configuration, a switching circuit formed of P-channel 
20 MOS transistors PT3 and PT4 is designed to be turned on in response to the 
result (L level) of the exclusive OR between signal NA and signal NB. A 
switching circuit formed of P-channel MOS transistors PT1 and PT2 is 
designed to be turned on in response to the result (H level) of the exclusive 
OR between signal NA and signal NB. A switching circuit formed of N- 
25 channel MOS transistors NT3 and NT4 is designed to be turned on in 

response to the result (L level) of the exclusive OR between signal NB and 
signal NC. A switching circuit formed of N-channel MOS transistors NT1 
and NT2 is designed to be turned on in response to the result (H level) of the 
exclusive OR between signal NB and signal NC. 
30 In other words, the switching operation of the transistors usually 

based on the output of the logic value (exclusive OR between signal NA and 
signal NB) from the logic circuit is replaced with the sum (product) of 
currents in order to shorten the time necessary for charging/discharging of 
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the transistors. 

Thus, the exclusive OR between signal NA and signal NB can be 
implemented by the switching circuit using control signals SO and Si as 
done in the first embodiment by adjustment of a predetermined logic 
5 combination and transistors constituting the switching circuit. 

According to the second embodiment, a phase comparison can be 
made efficiently with high precision by selecting the best logic combination 
and applying it to the phase comparator in consideration of layout 
constraints and the output waveform of the logic circuit. 
10 Third Embodiment 

According to a third embodiment of the present invention, 
description is given of a configuration of a phase comparator for performing 
a faster phase comparing operation relative to the first embodiment. 

Referring to Fig. 8, a phase comparison unit 30# according to this 
15 embodiment includes a logic circuit 15#, transistors Tpl-Tp8, current 
sources 31 and 32 and transistors Tnl-Tn8. 

Logic circuit 15# receives input signals NA, NB and NC to directly 
output signals NA, NB and NC and output respective inverted signals /NA, 
/NB and /NC. 

20 Current source 31 is placed between a power supply voltage VDD 

and a node NO. Current source 32 is placed between a node Nl and a 
ground voltage GND. 

Transistors Tpl, Tp2 and transistors Tp3, Tp4 are connected in 
series between nodes NO and N3. Transistors Tp 1 and Tp2 are connected 

25 in parallel with each other and having respective gates receiving input 

signals /NA and /NB. Transistors Tp3 and Tp4 are connected in parallel 
with each other and having respective gates receiving input signals NA and 
NB. Transistors Tp5, Tp7 and transistors Tp6, Tp8 are connected in 
parallel between nodes NO and N2. Transistors Tp5 and Tp7 are connected 

30 in series and having respective gates receiving input signals NA and NB. 

Transistors Tp6 and Tp8 are connected in series and having respective gates 
receiving input signals /NA and /NB. 

Transistors Tnl, Tn2 and transistors Tn3, Tn4 are connected in 
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series between nodes N3 and Nl. Transistors Tnl and Tn2 are connected 
in parallel with each other and having respective gates receiving input 
signals /NB and NC. Transistors Tn3 and Tn4 are connected in parallel 
with each other and having respective gates receiving input signals NB and 
/NC. Transistors Tn5, Tn7 and transistors Tn6, Tn8 are connected in 
parallel between nodes N2 and Nl. Transistors Tn5 and Tn7 are connected 
in series and having respective gates receiving input signals NB and /NC. 
Transistors Tn6 and Tn8 are connected in series and having respective gates 
receiving input signals /NB and NC. 

Phase comparison unit 30# shown in Fig. 8 is an equivalent circuit to 
phase comparison unit 30 described in connection with Fig. 2. 

Specifically, transistors Tp5 and Tp7 connected in series and having 
respective gates receiving signals NA and NB are equivalent to transistor 
PT3 receiving control signal SO. Similarly, transistors Tp6 and Tp8 
connected in series and having respective gates receiving respective inverted 
signals of signals NA and NB are equivalent to transistor PT4 having its 
gate receiving control signal Si. Transistors Tn5 and Tn7 connected in 
series and having respective gates receiving signal NB and the inverted 
signal of signal NC are equivalent to transistor NT3 having its gate 
receiving control signal R0. Similarly, transistors Tn6 and Tn8 connected 
in series and having respective gates receiving the inverted signal of signal 
NB and signal NC are equivalent to transistor NT4 having its gate receiving 
control signal Rl. 

Further, in the complementarily operating switching circuit as well, 
transistors Tp3 and Tp4 connected in parallel and having respective gates 
receiving signals NA and NB are equivalent to transistor PT2 having its 
gate receiving the inverted signal of control signal S 1 . Similarly, 
transistors Tpl and Tp2 connected in parallel and having respective gates 
receiving the inverted signal of signal NA and the inverted signal of signal 
NB are equivalent to transistor PT1 having its gate receiving the inverted 
signal of control signal SO. Transistors Tnl and Tn2 connected in parallel 
and having respective gates receiving the inverted signal of signal NB and 
signal NC are equivalent to transistor NT1 having its gate receiving the 
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inverted signal of control signal RO. Similarly, transistors Tn3 and Tn4 
connected in parallel and having respective gates receiving signal NB and 
the inverted signal of signal NC are equivalent to transistor NT2 having its 
gate receiving the inverted signal of control signal Rl. 

Thus, instead of performing the exclusive OR between signal NA and 
signal NB by the logic circuit, the configuration of the equivalent circuitry 
associated with on/off of the switching circuit formed of four transistors can 
be used to achieve a faster switching operation. Moreover, as the switching 
operation is performed with only signals NA, /NA, NB and/NB, a sufficient 
charging/discharging period of the transistors of the logic circuit that 
provide the output signal of the result of the exclusive OR can be secured. 
A further stable and faster switching operation can thus be performed. 
Moreover, the simplified circuit configuration of logic circuit 15# reduces the 
number of components. Further, the number of gates can be reduced to 
save power. 

Fourth Embodiment 

According to a fourth embodiment, description is given of a 
configuration of a phase comparator performing a faster phase comparing 
operation relative to the second embodiment. 

Referring Fig. 9, a phase comparison unit 30#a according to the 
fourth embodiment includes a logic circuit 15#, P-channel MOS transistors 
Tpl-Tp8, current sources 31 and 32 and N-channel MOS transistors Tnl- 
Tn8. It is noted that, in this example, the components of phase comparison 
unit 30#a are denoted by the same reference characters respectively as those 
in phase comparison unit 30# for the purpose of simplicity. 

Logic circuit 15# receives input signals NA, NB and NC and directly 
output signals NA, NB and NC and respective inverted signals /NA, /NB and 
/NC. 

Current source 31 is placed between power supply voltage VDD and 
node NO. Current source 32 is placed between node Nl and ground voltage 
GND. 

Transistors Tpl, Tp3 and transistors Tp 2, Tp4 are connected in 
parallel between nodes NO and N3. Transistors Tp 1 and Tp3 are connected 
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in series and having respective gates receiving input signals /NA and NB. 
Transistors Tp2 and Tp4 are connected in series and having respective gates 
receiving input signals NA and /NB. Transistors Tp5, Tp6 and transistors 
Tp7, Tp8 are connected in series between nodes NO and N2. Transistors 
5 Tp5 and Tp6 are connected in parallel and having respective gates receiving 
signals /NA and NB. Transistors Tp7 and Tp8 are connected in parallel 
and having respective gates receiving input signals NA and /NB. 

Transistors Tnl, Tn3 and transistors Tn2, Tn4 are connected in 
parallel between nodes N3 and N 1 . Transistors Tn 1 and Tn3 are connected 

10 in series and having respective gates receiving signals /NB and/NC. 

Transistors Tn2 and Tn4 are connected in series and having respective gates 
receiving input signals NB and NC. Transistors Tn5, Tn6 and transistors 
Tn7, Tn8 are connected in series between nodes N2 and Nl. Transistors 
Tn5 and Tn6 are connected in parallel and having respective gates receiving 

15 input signals NB and NC. Transistors Tn7 and Tn8 are connected in 

parallel and having respective gates receiving input signals /NB and /NC. 

Phase comparison unit 30#a shown in Fig. 9 is equivalent to phase 
comparison unit 30a described in connection with Fig. 7. 

Specifically, transistors Tp5 and Tp6 connected in parallel and 

20 having respective gates receiving signals /NA and NB are equivalent to 
transistor PT3 having its gate receiving control signal SO. Similarly, 
transistors Tp7 and Tp8 connected in parallel and having respective gates 
receiving signals NA and /NB are equivalent to transistor PT4 having its 
gate receiving control signal Si. Transistors Tn5 and Tn6 connected in 

25 parallel and having respective gates receiving signals NB and NC are 
equivalent to transistor NT3 having its gate receiving control signal R0. 
Similarly, transistors Tn7 and Tn8 connected in parallel and having 
respective gates receiving signals /NB and /NC are equivalent to transistor 
NT4 having its gate receiving control signal Rl. 

30 Similarly, in the complementarily operating switching circuit, 

transistors Tpl and Tp3 connected in series and having respective gates 
receiving signals /NA and NB are equivalent to transistor PT2 having its 
gate receiving control signal /Si. Transistors Tp2 and Tp4 connected in 
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series and having respective gates receiving signals NA and /NB are 
equivalent to transistor PT1 having its gate receiving control signal /SO. 
Transistors Tn 1 and Tn3 connected in series and having respective gates 
receiving signals /NB and /NC are equivalent to transistor NT1 having its 
5 gate receiving control signal /RO. Similarly, transistors Tn2 and Tn4 

connected in series and having respective gates receiving signals NB and 
NC are equivalent to transistor NT2 having its gate receiving inverted 
control signal fR 1 . 

As described above, similarly to the configuration of the third 
10 embodiment, instead of the exclusive OR between signals NA and NB 

performed by the logic circuit, the equivalent configuration of the circuit 
associated with on/off of the switching circuit formed of four transistors can 
be used to achieve a faster switching operation. 

The above configuration thus provides the same effect as that of the 
15 third embodiment. 

The PLL circuit is used in this description of the phase comparator 
in the PLL circuit. The phase comparator of the present invention, 
however, is not limited to the above-discussed one and may be any of other 
circuits such as a DLL (delay-locked loop) circuit. 
20 Although the present invention has been described and illustrated in 

detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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